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Eales J 


hevior of a test panel constructed of 0.025 elueinun 
corrugation with 0.032 aluminum skin on both sides, 
Such a panel was subjected to a compressive load in the 
longitudinal direction with the unloaded edges simply 
supported, The panel was long in reference to its 
width. 

fests showed that inter-rivet buckling Indueed by 
inferior blind riveting or teo large a rivet spacine 
would precipitate early panel failure before actual 
eritical laad weuld occur, on a woll designed panel. 

Such type of construetion proved very stable up 
to loads approachins the critical value. The strength 
weicht ratio indicated 1t to be very desirable in air- 
erart construction, 

An analytical snalysis was made using both non~- 
Lsotrople and isotropic plate theory; beth methods 
predicted the critical load to within 7.5 per cent of 
each other, thus indicating that the double skin and 
corrugation type plate, of the design under consideration, 
aets much like an isotropic plate. 

Heeause of the fact thet such a plate will buckle 
at a load that will induce strains in the sheet and 
corrugation above their elastic limits, it was necessery, 
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2 
in the analytical analysis, te use reduced values for 
the modulus of elasticity. The prediction of the be- 
havior of the esetel in the plastic rence is not exact 
thus indicating such a prediction as critical load 1s 
difficult for thie type eamstruetion. 
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The problem under consideration in this report was 
to study the behavior of a plate of the double skin cor- 
rugation construction when subjected to a compression 
load. Special emphasis was given to the determination 
of the eriticel buckling loed. 

A considerable smount of research work om this type 
ef construction has been carried out by the Glenn L. 
Wertin Aireraft Pactory, but considering the comploxt ties 
that arise in the analysis of any non-isotropic plate, 
additional research work on it seemed warranted. 

The analysis was limited to aluminum alloy plates 
so desisned that the initiel buckling stress of the akin 
and the crippling stress of the corrugation were appro- 
ximeately equal se ss to climinate skin buckling before 
panel failure. 

The experimental tests were limited to a plate 
loaded with e uniform axial load perallel to the sides 
of the plate; the unloaded edges were simply supported. | 

The thesis work was done by the writer during the 
school year 199-9 at the University of Ninnesota. 
Thesis advisor was Profesmr Joseph A. Wise. 
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Test Specimen. 

The details of the test panel ere shown on Fig. 2. 

The material for the panel was furnished by the 
Glenn L. Wartin Alreraft Factory, fabrication of the 
plate was by the eriter. 

kha noted in Pig. 2 the panel is tapered in plan- 
form end thicimess, the originel plane for the investi- 
gation called for a non-tapered section but cue to nome 
availeta&ity ef desired material the »lete was constructed 
as shown. It wes felt that the aeall amount of taper 
aid not materially chenge the conditions that would 
be found in a non-tapered section, For canservatism 
the minimum section wag used for the analytical analysis. 

Internal strain gauces with necessary leads were 
pleeed before fabrication of cover skins. 411 strain 
gauces were placed in duplicete at locations as shown 
on Fie. 2. 

Filler blocks slonc supported sides #o designed 
to seperate skins alonc supports proved very suecessful 
in providing a symmetric support. 

PLiler blocks et top and bottom of plate dealsned 
primarily to trensmit the lead to the corrugetion, were 
found unnecessery and wore removed efter initial 


test, 
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fzincipel Appers tus. 

The principal spparatus required for the tests was 
a suitable jig to support the penel simply aleng the 
two unloaded edzea; e farther non-functionel requirement 
was to make the pig simple end light enough for one man 
to handle. Such a jig was designed, details of whieh 
ere shown om Pig. h. 

A 00,000 pound capecity Tinus Olsen testing machine 
was used for subject tests, ‘The width of the swivel 
head of the machine corresponded to the width of the 
top of the penel. 


Kinor Apperstus. 
The leads from the strain gauges were soldered into 
@ junction bex sede up with BFellory infent jeckss; con- 
nections from junction box to Baldwin and Southwark "K* 
box was by electrical phone slurs. 





The general orocedure of the tests wes to load the 
plate by increments, then tako strain and deflection 
readings. It was found thet for the lord that was 
pleced on the plate during the testa no approcleble 
deflection was observed, an indication thet such type 
construction ils very stable up te critics] load, 

Three separate tests were made, results of which 
are shown praphicelly in Figs. 6 te 1). and in tebuler 


form on Tables I to III. 
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6 
Tests are deseribed separately below givines detalls 
of each. 


Zest i. 

Load incrementa of 6,000 pounds were applied; at 
panel loed of 23,090 pounds local fal lure occurred et 
top of panel. Upon investicetion of local failure it 
was found that edse smipports did not run up high enough, 
giving an unsupported section of 2 inches at top of 
plate. Corrective measure taken was to remove the 
upper 1} inches of plate, giving only a § inch unsup- 
ported plate for test number two. 


Test It. 

Load inerements of 6,000 pounds were applied with 
ane internediate panel load of 19,350 pounds. Panel 
load went up to 30,055 pounds et which peint local 
failure occurrad et bottom of panel. Unen investigation 
of local failure 1t was found thet the filler block on 
bottom did aet trensmit the load properly te the corru- 
gation and caused a local failure in bearing of the 
corrugation. This was corrected by trimming 23 inches 
from the bottom end removing filler block. 


Zest Iki. 
Load increments of 12,090 pounds were applied up 
to 2/,,000 pounds, plate remained stable up to 30,000 
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7 
pounds et which point reedimes were recorded. pen 
increasing the load to 31,600 pounds a failure occurred 
at epproximately 12 inches fram the top of the panel. 
The failure st first appeared to be the critical load 
for the penel but upon examinetion of feilure it was 
observed thet at point of failure, om ane of the cover 
sheete, one horizontal row of rivets had pulled out thus 
subjecting the skin to twice ita original unsupported 
length, this reduced the critical buckling stress of 
the sheet to a point which precipitated the failure. 

Above plate load of 30,000 pounds it wes observed 
that inter-rivet buckling hed sterted. 

Upon reaching tho load where one pow of rivets 
pulled out it appeared as thoush plate had started to 
form 3 definite half weves of anproximetely equal 
length, tho londing was not continued however since 
anotner test was to be run on the undamaged remainder, 


Test iv. 

Plate was trimmed to a 56 ineh length. lead incre- 
ments were applied similar to those in test three. 

Inter-rivet buekline was observed to stert at penel 
leed of 31,000 poutine. One definite half wave formed in 
the longitudinal direction at a load of 31,000 pounds at 
which point severe inter-rivet buckling occurred on one 
plate, while otner plate remsined filet. Raxivmm deflee- 
tion of half wave was at center of plate end was estinated 
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Load, strain data ia presented on Tables I-IV. 
ings by method described in 2eference 2 of bibliegraphy. 
Plota of prineipal stresses versus plate leeds are 
shown on Figs. 5-1). 

It was unfortunete thet none of the four teats 
preduced a true eritical load on the plate, however, 
it was felt that the tests proved successful as they 
cleaply showed the stability of this type construction 
in the region of design lead. The indications of the 
tests were such that the panel would be well in ita 
plastic range before the eritical lowed would be reached; 
a theoretical enmalysis, which will be presented maubse- 
quently, bears this fact out quite clearly. 

Ineaemuch as the critical lead on a panel such as 
this is of no practical value, it is used extensively 
aa a design criteria, that is by being able to predict 
what the critical loed is and tmowing the behavior of 
the plate up to eritical, a safe doaign load may be 
arrived at, 

The tests bore out the fact that any rivet failure 
will induce early skin instability, it aespeared that 
had the rivet spacing been decreased to three fourths 
of am ines, the skin would heve remained stable and 
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10 
probably would have allowed the plate to reach a full 
critical velue,. 


theoretical Analysis. 
The method ueed in the theoretical analysis follows 


quite closely the work as presented in Reference 1. 
The eritical load on a non-isotropic plate similerly 
loeded and supported to the one of this test is given 


in Reference 3 as; 


Pon * By ) (DghDy) 4 D5 


where: Pop ® critical load in pounds per wnit width 
b ®@ plete width, small in reference to length 
Dy = average flexural rigidity per unit width 
of the plate perellel to the y axis 
Dy = seme ap Dy but perellel to x axis 
D3 * / a0, +4 Dy/ + 2( 61) xy 
2(GT) gy 2 averace torsional rigidity of the plate 
(ratio of the moment per unit width to 
the twist) 


{@I 
4180: Dy = ek : Dy s a 
Aas YA 54a 
Since flexural rigidity about en axis parallel to 
y is contributed te by both aheet and corrugation, and 
about an exis parallel to x is eontributed mainly by 


sheet, Dy end Dy are conservatively written es: 
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For further conservatiam effect of corrugation in Dy, is 
omitted in evaluation of D3, henee: 


[ : 
D3 es f 2(6T) gy 
In Reference 1 it 1s shown that the term 2(GI),, is e 
constant and can be replaced by Ugtg@@, where: 
Ge 2 effective shear sodulus 
t, = bare skin thickness 
a = distance between skins 
Tests conducted on corrucaeticon columns at the 
Glenn LL, Martin Company indicate that ths tangent 
modulus of elasticity af the compression stress strain 
curve cen be used to predict the value of BR, for the 
type plate in queation, hence Pig. 13 wes plotted from 
properties as given in Pie. if. 
; (Sg)y is also taken as the tangent modulus of the 
averasa atrain strain curve from the properties of flat 
sheet when the critical backline load has been excecded. 
Sueh a curve ia plotted on Pie. 20 from date of Pig.195. 
For conservatism (Eg)y has been taken es equal to 
(Eg)x- 
Bifective sheer moduins has been studied quite 


extensively for this type construction in Reference 1, 
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12 
end a value of 0.7 @ hes proved to be quite reliable 
limit. 

By eagsuming a series of maximum strains and cel- 
culating Pgg by the non-isotropic plete equation just 
given, then finding corresponding lowed a stable plate 
will cerry at similar strains by P'ey = Georrtcorr * 
two plots will give predicted eritical load fer panel; 
such a plot is given on Fig. 21. A typical ealeuletion 
for making the graph ia given under Semple Calculations 
of this thesis. ) 

The predicted critical load was determined to be 
2,900 pounds per inch of width; for an severage width of 
17 inches between supports this would correspond to a 
total panel lecd of 49,300 pounds. Baxinum strain in 
Plate at critical load was predicted at 0.0035 inches 
per inch, 

Thia theoretical analysis indicates the plate coes 
woll into the plastic range of the material before 
critical load is obtained. In reference to actuel test 
results it can be readily seon that plate was obeying 
Heoke'az Law elmosat up to the point where leecal akin 
buckling precipitated panel failure, and that if skin 
hed not buckled prematurally load could have continved 
up to neer predicted critical. 
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forms a very steble panel and wainteins this stability 
very close to its critical load. The strength weight 
ratio is very high, « factor of significanee in aircraft 
construction. 

Kalating the test results to theoretical ealcula- 
tions indicates that a desien load critical load ratio 
is in the net giiberhowd of 0.6. 
after completing a panel seomse very necessary since 
panels of this type depend largely on the flexural 
rizsidity contributed by the sheets, for stability. 

The test results did not indicate a true eriticel 
load, however hed inter-rivet buckling been suppressed 
by a more precise rivet job of a decreased rivet spacing 
it is believed the actual end predicted critical load 
would heve approached each other, 

The analytical enalysis is by no means en exact 
one, since various assumptions es to the behavior of 
the plate in the plastic rance heve been made, however 
it appeers quite reliable in reference to repeated 
epplications by the Glenn lL. Martin Alrereft Company. 

The plate avparentiy can be treated as ean leotropic 
plate bassd on the analysis of an isotreple plate by 

13 





~~ hl Ne earns ete 08 0h 
ee red 
re eee dee 6 weal were 
; = Vere! ram 
| =O? ode! We alam, 
(| _ Ny eaeS a 
£2 a 
; a dor le~eaw fet Whee! phe 
© Mle Frrde neterninl wwe Ml deny entoors see Wy 
* fm SER De OR Rew ties at yi) 
I ee ee en ee 
Om ener YF Ot sha tieee echt roms oe 
Sirens et wt os tet mec ee cute ame 
OE gts cnet eens eet EL aheis ee co aralh ome 
; REE wh qmmreties 68 Ante bbe em rene FF 
Pee ieee cite of eer) oy SF owed oad lowe 
olgrw@ent re 66 Bel erst Ot ee (sd emeneome Peete eT 
SP Niwetels we Se cletie ee ow knees ose ce 
es 






@® 








oar merts te thee 
parry oer 
siatniantatbeataes 


: ‘— 2 2a. 





eee 22a 


Sides, structural Development 


Wise, Joneph irelea of Jourmsal of 
the Aeronautical Schau Edie te tie tee 
- h33-h0, August 190, 


ability, 
Timoshenke, S.: Theory of a 
- ®eGraw-Hill Book Compeny 
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